Introduction
In spine surgery, several well-validated patient-reported outcome measures (PROMs) have been recommended, such as the Oswestry Disability Index (ODI) [1] , Numerical Rating Scale (NRS) for leg pain and back pain [2] , and the EuroQol 5D (EQ-5D) [3] . Still, clinicians are often unfamiliar with their interpretation. In large cohorts, even small and clinically irrelevant PROM changes tend to reach statistical significance [4] . To provide cutoffs on PROM changes that are perceived as meaningful and important by the patients, the ''minimal important change'' (MIC) has been defined by various methods [5] [6] [7] . A recent review proposed an MIC cutoff for the ODI of ten points, or 30% improvement from baseline [8] . Several studies have identified MIC cutoffs for the NRS back pain and leg pain from 2 to 2.5 [8, 9] . In addition, cutoffs for substantial clinical improvements, such as ''success'' after lumbar disc surgery, have been reported both for the ODI (20) , NRS back pain (2.5), NRS leg pain (3.5), and EQ-5D (0.3) [9] [10] [11] . A large proportion of the patients are difficult to classify as either improved, unchanged, or worse after surgery [12] . Consequently, cutoffs on the PROMs for deterioration and ''failure'' may be different from those of ''non-success''. Previously, authors have used various methods and different concepts for defining cutoffs for clinical meaningful improvements [10, 12] , resulting in a diversity of recommended threshold values [8, 21, 22] . This makes it even more difficult to disentangle ''failure'' from constructs developed to identify improvements. There is clearly a grey zone between ''failure'' and ''non-success'' [13] , ''minimal meaningful improvements'', or a ''satisfactory symptom state'' [14] . Using an external anchor method to define ''failure'' more accurately could provide more robust definitions of this outcome category [11] . It is, therefore, important to differentiate between ''failure'' and ''non-success''.
The indication for operative treatment of lumbar disc herniation is relative, and the decision to operate must be based on a trade-off between possible benefits, risks, and costs [15] . In clinical trials, focus is generally placed on improvements such as ''success rates''. To enhance quality assessment and shared decision-making, it is crucial to consider the other end of the scale and to discuss the possibility of adverse outcomes with the patients. Avoiding inefficient operations may have a greater impact on treatment outcomes, than improving surgical technique [16] . The first step would be to try to define cutoffs for ''failure'' and ''worsening'' on the PROMs. When informing the patient about possible outcomes, we think that it is important to differentiate between being unchanged after surgery, which might be an acceptable risk, and actually getting worse, which might be harmful. Previous studies show that larger cohorts are needed to clearly define clinically meaningful thresholds for such outcomes, especially for worsening [17, 18] .
The Norwegian Registry for Spine Surgery (NorSpine) collects clinical data (PROMs) on the majority of patients operated for lumbar disc herniation in Norway. Its purpose is to evaluate treatment outcomes from the ''real life'' of daily clinical practice and use this information to improve the quality of the health services [19, 20] . The aim of this study was to estimate the most accurate cutoffs for both failure and worsening after surgical treatment of lumbar disc herniation, using data from the large registry cohort of the NORspine. Such benchmark criteria could be used for calculating sample size in research and facilitate shared decision-making among doctors and patients, clinical audit, and comparisons of outcomes across surgical units.
Methods
Patient population and data collection 6840 patients operated for lumbar disc herniation between January 1st, 2007 and February 28th, 2014 were followed for 12 months, according to the standard NORspine protocol. The NORspine is a comprehensive clinical registry for quality control and research. Both emergency and elective cases are registered. We included all patients who were treated for lumbar disc herniation with lumbar discectomy and/or herniectomy. Fusion procedures or laminectomy with removal of midline structures were not included. Table 1 describes the exclusion criteria in the current study. This study comprises 38 of 40 (95%) Norwegian private and public centers, performing surgery for degenerative spinal disorders. The inclusion rate for lumbar disc herniation is currently about 65% in the NORspine.
Informed consent was obtained from all patients and participation was neither mandatory, nor required to gain access to healthcare. According to Norwegian legislation, patients over the age of 15 can independently consent to participation in the registry. The registry protocol has been approved by the Data Inspectorate of Norway. This study was submitted to the regional ethical committee for medical research which categorized it as a clinical audit study, not in need of their formal approval [21] .
At admission for surgery, the patients completed a baseline questionnaire on demographics, lifestyle issues, and PROMs. During the hospital stay, the surgeon recorded data concerning diagnosis, treatment, and comorbidity on a standard registration form. Twelve months after surgery, a questionnaire was distributed by regular post, completed at home by the patients, and returned to the central registry unit without involvement of the treating hospitals. One reminder with a new copy of the questionnaire was sent to those who did not respond.
Patient-reported outcome measures
The PROM questionnaires were identical at baseline and follow-up. The ODI version 2.0 was used to assess painrelated disability. It contains ten questions on limitations of activities of daily living. Each item is rated 0-5 and then transferred into a percentage score ranging from 0 (none) to 100 (maximum pain-related disability) [1] .
Pain was reported on the numerical rating scale of 0-10 for both back pain (NRS back pain) and leg pain (NRS leg pain), where 0 = no pain and 10 = worst conceivable pain [2] .
Generic health-related quality of life was assessed by the EQ-5D [22] , which has been validated for a similar patient population [23] . It evaluates five dimensions: mobility, self-care, activities of daily living, pain, and anxiety and/or depression. For each dimension, the patient describes three possible levels of problems (none, mild-to-moderate, and severe). This descriptive system, therefore, contains 3 5 = 243 combinations or index values for health status. The total score ranges from -0.59 to 1, where 1 corresponds to perfect health and 0 to death. Negative values are considered to be worse than death. The patient-rated benefit of the operation was rated on a Global Perceived Effect scale (GPE) at follow-up [24] . The response alternatives were: 1 = ''completely recovered'', 2 = ''much better'', 3 = ''somewhat better'', 4 = ''no change'', 5 = ''somewhat worse'', 6 = ''much worse'', and 7 = ''worse than ever''.
Definition of failure and worsening
Patients reporting to be unchanged or worse (categories 4-7) on the GPE scale at 12-month follow-up were classified as ''failure'', and those considering themselves worse or worse than ever (GPE 6-7) were classified as ''worsening''.
Statistics
All statistical analyses were performed with the Statistical Package for the Social Sciences (SPSS, IBM Version 23.0).
We excluded all patients who did not respond at 12 months, and compared baseline characteristics of both respondents and non-respondents. This strategy was based on a study on a comparable patient population from NORspine and a recent and similar Danish study [25, 26] .
For all PROMs, the mean change, mean % change (except for EQ-5D), and mean final raw score were assessed against the GPE by one-way analyses of variance (ANOVA) with post hoc analysis (Tukey, a = 0.05) and by analyses of co-variance (ANCOVA, generalized linear model) with adjustment for baseline scores. Correlation analyses between PROMs and the GPE were done by Spearman rank correlation for all measures, except for the final raw scores in which Pearson was used.
Cutoffs for all scores were estimated by Receiver Operating Characteristic (ROC) curves. When analyzing criteria for ''failure'', cases with failure were defined as those who reported to be unchanged or worse (categories 4-7) on the GPE scale at 12 months. All other categories on the GPE scale (1-3) were defined as ''no failure''. When comparing patients, reporting being considerably worse (GPE 6-7), with those who reported an unchanged status (GPE 4-5), those reporting improvement (GPE 1-3) were excluded from these analyses. To determine the cutoff with the highest sensitivity and specificity for both failure and worsening, the closest point to the upper left corner of the ROC curve was calculated from the coordinates of the curve. Area under the curve (AUC) calculations were performed to determine how well the instruments differentiated between the outcome groups. An AUC value of [0.70 was considered acceptable [27] . The overall • Patients unable to respond to the declaration of consent and/or the questionnaires due to language barriers accuracy for each cutoff was calculated with a confusion matrix. In the presentation of the results, we included AUC and cutoff values only for variables with an AUC value above 0.70. Results for PROMS with poorer accuracy can be provided on request.
To investigate whether the optimal cutoffs differed between important subgroups in the registry sample, sensitivity analyses were performed between first time vs reoperation and between macroscopic (''open'') vs microscope or loupe-assisted discectomy. To evaluate the impact of different baseline scores on the cutoffs, cutoff calculations were also carried out on those with low-and high baseline disability.
Differences between elective and emergency cases at 12-month follow-up were calculated for all PROMs by Student's t test and for the GPE by Mann-Whitney U test.
Floor and ceiling effects were assessed by calculating the frequency of the highest and lowest possible scores at baseline. If 15% of patients had a minimal or maximal score value at baseline, these were considered as floor or ceiling effects [27, 28] .
Results 6840 out of 9930 (69%) patients had 12-month follow-up data. Among those lost to follow-up were more smokers, a higher number of sickness benefits recipients, and more patients who had been operated previously (Table 2 ). Furthermore, they had a lower level of education, and fewer were operated on for paresis. Except for back pain, there was no statistical significant difference in PROMs at baseline. Patients who did not respond to the follow-up scored slightly higher for back pain than those who responded.
During surgery, an operating microscope or loupes were used in 5936 of 6840 (87%) cases. A total of 885 (13%) had a reoperation on the same level, 466 (7%) on a different level, and 66 (1%) on both the same and a different level between L1 and S1. The perioperative complication rate was 169 (3%) with 115 (2%) dural tears, 21 (0.3%) nerve root injuries, 24 (0.4%) hematomas requiring transfusion or reoperation, and 9 (0.1%) cardiorespiratory complications.
Few data points were missing for the baseline PROMs: ODI (13, 0.2%), EQ-5D (252, 3.7%), NRS back pain (170, 2.5%), and NRS leg pain (159, 2.3%). At 12-month followup, 40 (0.6%) were missing data on GPE, 11 (0.2%) on ODI, 520 (7.6%) on EQ-5D, 47 (0.7%) on NRS back pain, and 66 (1%) on NRS leg pain. GPE scores for the entire population are shown in Table 3 . Mean improvement (95% CI) for each PROM from baseline to 12-month follow-up for the total sample was 28.7 (28.2-29.2) for the ODI, 0.45 (0.44-0.46) for EQ-5D, 3.2 (3.1-3.3) for back pain, and 4.4 (4.3-4.5) for leg pain, p \ 0.001.
The Spearman rank correlation coefficients between the GPE and the change scores of the instruments were high for mean % changes with 0.8 for the ODI, 0.7 for NRS back pain and leg pain, and moderate for mean changes with 0.6 (ODI), 0.5 (NRS back pain), 0.6 (NRS leg pain), and 0.5 (EQ-5D). The Pearson correlation coefficients were high for all the final raw scores with 0.8 (ODI), 0.7 (NRS leg pain), 0.8 (NRS back pain), and 0.7 (EQ-5D). All correlation coefficients were statistically significant (p \ 0.001).
ANOVA with post hoc analysis (Tukey, a = 0.05) indicated that the mean changes of all of the PROMs were 
The mean of the final raw scores for all of the PROMs, as well as the mean change in ODI, EQ-5D, and NRS leg pain, and the mean ODI% change score at 12 months were able to differentiate between ''no change'' (4) and ''much worse'' (6) with statistical significance. Mean changes in NRS back pain, as well as mean % change in NRS backand leg pain were not statistically significant different between those ''unchanged'' (4) and those reporting to be ''much worse'' (6). After evaluating the mean score differences of all PROMs across the categories of the GPE, the study group concluded that the definition of a score range of 4-7 for ''failure'' and 6-7 for ''worsening'' was appropriate (Table 3) . Figures illustrating these differences are shown in the appendix (Figs. 1x-4x) .
For each GPE outcome group, the baseline adjusted mean scores of the PROMs (ANCOVA) after 12 months are shown in Table 3 .
Cutoff values
For differentiation between ''failure'' vs no failure in the whole cohort, all PROMs had an acceptable AUC of[0.70 (Table 4 ). The PROM with the highest accuracy was the mean ODI% change score with an AUC of 0.93 and a correct classification rate of 86% (Fig. 1) .
For differentiation between ''worsening'' vs unchanged and slightly worse, the AUCs were poor (\0.70) for score changes of all outcome measures. The final raw scores of all four PROMs showed acceptable AUCs. The PROM with the highest accuracy was the ODI raw score with an AUC of 0.76 and a correct classification rate of 69% (Fig. 2) . The ROCs for all of the PROMs are illustrated in the appendix (Figs. 5x-9x) .
Based on these cutoff values, the ODI change classified 26%, the ODI% change score 23%, and the ODI raw score at 12 months 27% of lumbar disc surgeries as failure. Failure rates assessed by cutoffs of the less accurate PROMs are shown in the appendix (Table 4x) .
The percentages of patients classified as worsening by the cutoffs on the final PROM raw scores were 7% for ODI, 8% for EQ-5D, 7% for NRS leg pain, and 8% for NRS back pain.
Sensitivity analysis
When comparing patients operated for the first time with those who had been operated previously, values for cutoff, sensitivity, and specificity were similar (Tables 2x and 3x in appendix). When investigating the effect of low and high baseline disability (based on the 25th and 75th percentile of the baseline score for ODI), the cutoffs for Table 3 Baseline adjusted mean of the change score, % change score, and final raw score for all PROMS (95% of CI) according to the global perceived effect scale at 1-year follow-up GPE Completely recovered (1) Much better (2) Somewhat better (3) No change (4) Somewhat worse (5) Much worse (6) Worse than ever (7) N (%) 1659 (24) 3265 (48) 1093 (16) 358 (5) 216 (3) 153 (2) 66 (1 ''failure'' and ''worsening'' in the PROMs varied considerably, both for change scores, % change scores, and the final raw score (Table 1x , appendix). For example, in the group with high disability at baseline, the failure cutoff for the mean % change in ODI was 30% higher than in the low disability group.
Compared to elective surgery, emergency cases had statistically significant worse baseline PROM scores and experienced a greater score improvement at 12 months. Accordingly, no statistically difference in any of the 12-month PROM raw scores was found between these two For worsening, only the 12-month raw scores were used, and all the other cutoffs had an AUC \ 0.70 groups. Furthermore, they reported the same GPE after 12 months, with a median score of 2 (Table 5x , appendix).
Floor and ceiling effects
No floor or ceiling effects were detected. Only 9 (0.1%) patients scored 0 and 7 (0.1%) patients scored 100 on the baseline ODI. Furthermore, 107 (1.6%) scored 0 and 590 (8.8%) scored 10 in the NRS back-pain scale. For the NRS leg pain, scale numbers were 55 (0.8%) for 0 and 728 (10.9%) for 10. In the EQ-5D, only 12 (0.2%) patients scored the minimum and 20 (0.3%) the maximum at baseline.
Discussion
We estimated the optimal cutoff values for failure and worsening 12 months after surgery for lumbar disc herniation, using four recommended PROMs. An ODI% improvement of less than 33% was the most accurate measure for identifying patients for whom the surgery had failed. Back pain, both the mean % change, and the final raw score at 12 months, also showed high accuracy for identifying failure. We found no significant difference in outcome scores among patient groups who considered themselves as ''unchanged'' or ''slightly worse'', which is in accordance with a previous study [12] . A final ODI raw score of more than 48 at 12-month follow-up had the highest accuracy for identifying patients reporting worsening, followed by a final raw score of 7.5 for NRS back pain. A potential explanation for this finding might be that those with a final ODI over a threshold value of 48 will tend to consider themselves as worse, irrespective of the amount of change. These patients are exhausted after more than a year with unresolved severe pain and disability, not compatible with a normal life (Fig. 10x, appendix) . One previous study also found a high correspondence between the final raw score and the GPE scale as an external anchor [17] . Compared to the GPE, all cutoffs categorized a higher proportion of the outcomes as ''failure'' or ''worsening''. Since the individual PROMs represent different concepts, the variation between the individual outcome measures and GPE scale is to be expected [10, 11] . For instance, even the disease-specific ten item ODI could fail to address issues important to patients. Individuals might also weigh each item differently according to their preferences.
We chose to classify all patients who scored unchanged or worse (GPE [ 3), as ''failure'' and those scoring much worse or worse than ever (GPE 6-7) as ''worsening''. These definitions are supported by our data, i.e., differences in mean PROMs between the GPE groups in ANOVA and ANCOVA analyses, as shown in Table 3 and Figs. 1x-5x (appendix). A large group of patients (n = 1676, 24%) classified themselves as ''slightly better'', ''unchanged'', or ''slightly worse'' on the GPE, and would be the most susceptible of being misclassified [12] . While it was not possible to separate the ''unchanged'' from the ''slightly worse'' based on PROMs, patients defining themselves as ''slightly better'' (16%) had a mean improvement in the ODI score of 15.1, more than the previously defined cutoff for the Minimal Clinical Important Change (MCIC) [8] . Hence, it is reasonable not to include them in the failure group. While nonsuccess implies a degree of improvement, failure does not, which might be of importance for litigation issues. The distinction between these two concepts could also be used in the development of predictive models in value-based health care [29] .
The mean PROM improvements in this study were in line with results from other clinical trials [30] [31] [32] [33] . Failure and success rates, however, are highly dependent on where the cutoff levels are set to classify outcomes, and types of PROMs used [11] . Mean change in NRS back pain showed the highest failure rate (31%) and mean change in NRS leg pain the lowest (20%). Back-pain intensity is not the primary indication for lumbar discectomy without fusion. It could therefore be expected that, for instance, the NRS leg pain classified a lower failure rate [34] . Our findings indicate that patients reporting failure and worsening tend to be concerned about back pain, even though leg pain may have improved. An explanation may be that a large proportion of patients operated for lumbar disc disease will expect a substantial improvement in back pain [35] .
Methodological challenges
The global perceived effect is a frequently used external anchor to define cutoffs on PROMs. Still, it has several weaknesses related to recall bias [17] , lack of objectivity [36] , and for not taking into account the measurement precision [6] . More objective criteria, such as return to work or use of pain killers, have been proposed [36] . However, they tend to be subgroup specific (e.g., only considering the working population) and may also be susceptible to confounding [37] . Some authors argue that the criteria should be defined prior to treatment by letting the patients quantify, e.g., on a pain scale, how great a satisfying improvement should be [38] . To the best of our knowledge, no such alternative and well-validated external anchors for self-reported questionnaires exist. Unlike the European Spine Tango registry, the NORspine does not collect data on the surgeon's overall assessment of outcome [39] . Lack of ''expert opinion'' might represent a weakness. However, surgeons and patients agree only in 50% of cases when assessing outcomes, and surgeons tend to rate the end result over-optimistically [40] . Another weakness related to anchor-based methods is misclassification. In our population, the ODI% cutoff of 33% improvement at 12 months (AUC 0.93, sensitivity/specificity 86%) gave a false-positive rate of 14% and a falsenegative rate of 15%.
Importantly, we found that the cutoffs also were highly depending on the baseline PROM score. For instance, severely disabled patients will require disproportionally greater improvements than the less disabled, not to consider the surgery as failed. This is in accordance with findings of other studies and illustrates the importance of taking into account the baseline score while interpreting PROM change scores, regardless of using absolute or percentage change scores [18, 41] . Consequently, one should adjust for the baseline score when using such outcome criteria in clinical trials and risk factor analyses. A possible cause might be higher expectations towards improvements among patients with high baseline pain and disability [42] . Fulfillment of expectations has also been identified as a major predictor for positive patient-rated positive outcome after surgery [35] . Similar to findings by Elkan et al., emergency cases presented with more severe symptoms and had a greater amount of change on the PROM scores, thus reported the same improvement on the GPE scale [43] .
Limitations and strengths of this study
Loss to follow-up at 12 months was 31.1%. Two Scandinavian registry studies found that a loss to follow-up of 12-22% did not bias conclusions about treatment effects [25, 26] . Even if baseline PROMs were similar between respondents and non-respondents in our study, several baseline characteristics of non-respondents have been associated with poorer outcomes [44] . This could represent a selection bias, especially when measuring the exact failure and worsening rate, but less so when defining PROM cutoffs over a large range of outcomes. Follow-up was only 12 months, but previous studies have shown mean outcome values to be stable from 1 up to 8 years [26, 45] .
An advantage of this study is the large sample size and high external validity due to patient recruitment from everyday practice. In a smaller single-center study from 2013, Gum et al. tried to define clinically important deterioration among patients operated with lumbar fusion for various diagnoses, but found it difficult to define cutoffs. They concluded that a larger patient population was needed to identify accurate cutoffs, since worsening is a relatively rare event [41] . We have used a much larger and more condition-specific cohort.
Future perspectives
Both clinicians and administrators have questioned whether quality registries can improve clinical practice and feedback comprehendible information to patients and clinicians [3] . An advantage of dichotomous outcomes is the possibility to provide risk estimates in terms of probability. In clinical decision-making, percentwise probability would be easier to understand than estimates based on continuous outcome data (e.g., linear regressing coefficients). More research is needed to identify risk factors for adverse outcomes and to learn how such new knowledge can be conveyed efficiently to patients and health care providers.
Conclusion
We have defined cutoff values with acceptable sensitivity and specificity on validated PROMs to classify outcomes as ''failure'' and ''worsening'' 12 months after lumbar disc surgery.
Implication
These criteria could facilitate shared decision-making among physicians and patients, quality assessment, and comparison of clinical outcomes across surgical units. In addition to clinically relevant improvements, we propose that rates of failure and worsening should be included in reporting from clinical trials.
